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Editor—Patients with COVID-19 acute respiratory distress
syndrome (C-ARDS) present with severe hypoxaemia that
may be disproportionate to the loss in aerated lung.! The
main mechanism of hypoxaemia has been attributed to a
dysregulated pulmonary perfusion, and therefore, inhaled
pulmonary vasodilators have been used to improve gas
exchange in these patients.” However, during the COVID-19
pandemic, the significant increase in C-ARDS resulted in
national supply chain shortages of inhaled vasodilators, such
as iloprost, epoprostenol, and nitric oxide. Besides the
limited availability, these drugs are costly: nitric oxide (£665
per day), iloprost (£60—120 per day), and epoprostenol
(£45—75 per day). Milrinone, a phosphodiesterase 3 inhibitor
that has shown benefit to improve oxygenation in patients
with pulmonary hypertension, is a widely available and less
costly alternative (£13 per day), but data in ARDS are
scarce.’ ® During the pandemic, we hypothesised that in
mechanically ventilated patients with C-ARDS with a
Pa,, /FiO, ratio <20 kPa, inhaled milrinone would improve
oxygenation and reduce physiological dead-space fraction,
and we therefore used inhaled milrinone as an alternative
vasodilator during the drug shortages.

We describe the first 14 patients who received inhaled
milrinone (2.5-5 mg every 6 h) for >12 h. Milrinone was
administered via mesh nebulisation in accordance with
departmental guidance, but at the discretion of the clinical
team. We retrieved data on ventilation and blood gas analyses
from electronic records, and calculated oxygenation index
(OI), Pao,/FiO;, and three indices of dead-space ventilation
(end-tidal CO,/Paco,, ventilatory ratio, and corrected minute
ventilation).” Values were recorded before first milrinone
dose, 1-2 h after, and subsequently at 6 and 12 h. The closest
temporally associated transthoracic echocardiograms ob-
tained before and after initiation were reviewed by a consul-
tant cardiologist for indices of right ventricle (RV) and left
ventricle (LV) size and function.' Records were reviewed for
potentially related adverse events, including haemodynamic
instability, deterioration in gas exchange, dose adjustments,
or early termination of therapy.

Continuous data were tested for normal distribution (Sha-
piro—Wilk test). Normally distributed data are presented as
mean (standard deviation [sp]), not normally distributed data
as median (inter-quartile range [IQR]), and nominal data as

number (%). One-way repeated-measures analysis of variance
was used to compare means across different time points.
Observed differences to baseline are provided as means and
95% confidence interval (95% CI). Post hoc Bonferroni correction
was applied to account for multiple comparisons when
comparing individual pairs of groups. For comparison of
means, t-test was used for parametric data.

A local guidance document for the use of inhaled milrinone
was approved by the trust Drug and Therapeutics Committee.
Institutional approval was gained from the local audit com-
mittee (project reference 11146). The need for individual
informed consent was waived for this retrospective analysis of
data collected prospectively for routine care, without breach of
privacy or anonymity. The study qualified as a service evalua-
tion as defined by the UK NHS Health Research Authority, and
therefore did not require review by a research ethics committee.

The 14 patients had a mean (sp) age of 62.6 (6.9) yr.
Admission Acute Physiology and Chronic Health Evaluation II
was 17 (IQR: 13.8—18.5), 10 were male (71.4%) and had a BMI
29.0 (6.6) kg m~2. Patients had been ventilated for 20.6 (15.5)
days before initiation of milrinone. At baseline (pre-milri-
none), patients had a Sequential Organ Failure Assessment
score of 7.5 (IQR: 5—12.5), received tidal volume of 5.8 (1.9) ml
kg ! predicted body weight, PEEP 8 (IQR: 6—10) cm H,0, peak
pressure 30 (3) cm H0, and had a dynamic compliance of 20
(IQR: 15—22) ml cm H,0~ 1. Mean Pa,,/FiO, at baseline was 11.6
(1.6) kPa, and 6/14 (42.9%) were proned. At baseline, 2/12 (16%)
had impaired longitudinal RV function (tricuspid annular
plane systolic excursion [TAPSE] <17 mm), 3/12 (25%) a dilated
RV (RV end-diastolic basal diameter >43 mm [female] or
>47 mm [male]), and 3/12 (25%) RV/LV ratio >1; none of the
patients had impaired LV function (LV ejection fraction <50%).
Another pulmonary vasodilator had been used in 5/14 (35.7%)
patients before starting milrinone.

There was a significant main effect of inhaled milrinone on
Pa,,/rio2 (P<0.01) and OI (P<0.001), in the first 12 h (Fig. 1). This
improvement was statistically significant (after correction for
multiple comparisons) for Pay,/FiO; post-6 h dose (mean dif-
ference to baseline +2.7 kPa; 95% CI: 0.3—5.0; P<0.05) and post-
12 h dose (+3.1 kPa; 95% CI: 0.8—5.4; P<0.01), and for Ol post-6 h
dose (—3.2; —0.12 to —6.2; P<0.01) and 12 h dose (—4.0; 95% CI:
—0.5 to —7.6; P<0.01 [lower OI reflects improved Pa,), or similar
Pa,, for lower applied mean airway pressure or FiOy]). During
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Fig 1. Box and whisker plot of indices of oxygenation: (a) Oxygenation Index (Ol = mean airway pressure(cm H,0) x FiO, x 100/Pao, (mm Hg))
and (b) Pa,, /FiO; ratio (kPa). Lower Ol reflects improved arterial oxygenation, or similar oxygenation for lower applied mean airway pressure
or FiO,. There was a significant main effect of inhaled milrinone on Pa,, /FiO; ratio (P<0.01) and OI (P<0.001), comparing all obtained values
until and including the post-12 h dose (n=14 for each time point). The ends of the whiskers are set at 1.5x inter-quartile range above the third
quartile and below the first quartile, or the minimum or maximum value if within these limits. All values are shown as circles.

this observation time, no additional patient received prone
positioning.

For patients in whom milrinone was continued for >48 h
(n=7), the improvement in Pa,»/FiO, was maintained, and this
was higher by +3.9 kPa (95% CI: 0.6—7.2; P<0.05) and OI was
lower by —5.1 (95% CI: —0.5 to —9.7; P<0.05) post-48 h dose
compared with baseline, respectively.

There was a greater improvement in Payy/FiO, compared
with baseline post-6 h dose in the group with a shorter
duration of mechanical ventilation (<20 days; n=7), compared
with those who had been ventilated longer (>20 days; n=7)
before receiving the first dose (mean difference +26.3%; 95%
CI: 0.8—51.9%; P<0.05). These patients had high indices of
dead space with end-tidal COy/Pa.,; 0.67 (0.12), ventilatory
ratio 2.37 (1.17), and corrected minute volume 14.13 (6.1) L
min~!. However, there was no change in dead space after
milrinone (end-tidal CO2/Pac, 0.70 [0.12], ventilatory ratio
2.62 [1.12], and corrected minute ventilation 15.5 [7.4] L min~?
at 12 h).

For patients in whom comparable studies were available,
there was no significant difference in TAPSE (n=9; 19 [6] and 19
[5] mm), RV diameter (n=9; 3.8 [1.1] and 3.6 [0.8]), or RV/LV ratio
(n=7; 0.88 [0.2] and 0.87 [0.1]) before and after milrinone,
respectively.

No adverse events were observed during the patients’ ICU
admission. A transient deterioration in oxygenation (<6 h) was
noted in one patient, but coincided with the development of a
new ventilator-associated pneumonia.

These results show that milrinone might be a useful alter-
native to inhaled nitric oxide, epoprostenol, or iloprost for
improving oxygenation even late in the course of C-ARDS, and
at this late stage milrinone did not affect dead-space ventila-
tion. It is likely that given the duration of the disease and the
low compliance, the predominant mechanism of hypoxaemia
in these patients was venous admixture secondary to consoli-
dation or fibrosis, and may explain why the physiological dead
space was unmodified. These results are based on observa-
tional data from a case series and need to be interpreted in this
context. The effects of milrinone on dead space could be tested
earlier in the disease, where functional vasoconstriction of
ventilated areas can affect physiological dead space.

We conclude that in mechanically ventilated patients with
severe COVID-19, inhaled milrinone was associated with
improved oxygenation for up to 48 h of administration.
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Editor—Older patients with current or previous SARS-CoV-2
infection (COVID-19) have been undergoing surgical
interventions at an increasing rate during the COVID-19
pandemic and face a high risk of postoperative
complications. Most older patients are expected to recover
from acute postoperative complications, including most
pulmonary and renal complications and delirium. Recently, a
national database study on hip fracture characteristics and
outcomes during the COVID-19 pandemic in the USA showed

that older patients with hip fracture and concomitant
COVID-19 experienced significantly higher rates of acute
postoperative complications, especially pulmonary
complications (22.9%).! However, long-term neurological
sequelae, such as perioperative neurocognitive disorders
(PNDs), commonly occurring in older patients after major
noncardiac surgery (incidence as high as 40%),>> have
received relatively little attention.
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